Background Fishing in distant waters for months may induce physiological stress.
Introduction
Fishing is a potentially risky occupation. This implies an elevated risk of developing cancer, including smokingrelated cancer [1, 2] , injuries and cardiovascular disease [2, 3] . This excess risk may be due to life style factors as suggested by Hjarnoe and Leppin [4] . In line with this, an increased risk of metabolic syndrome has been found among Danish seafarers [5] . Other factors, e.g. shift work, could, however, contribute to this.
In the Faroe Islands, the large deep-sea trawlers in distant waters, that is, the Barents Sea, use shift work, mainly 6 h on and 6 h off work, leaving fishermen with 12 h rest, except when the catch is excessive or when equipment is damaged and needs to be repaired. The work is characterized by intermittent high physical demands in cold and rough weather conditions when working on the trawl deck [6] . This alternates with work on the factory deck, which includes operating the headand-cut machine, sorting and cleaning the fish and packing blocks of fish for freezing. The tasks are, however, fixed for each fisherman, and life on board the ship is scheduled and, to a certain extent, predictable [7] .
One of the most problematic factors about shift work is that it disrupts circadian rhythms, causing sleep disturbance for many workers [8] . Research has shown that at least 75% of the population working in shifts suffers from sleep disruption [9] . The circadian rhythm is our 24-h body clock located in the hypothalamus region of the brain. In the morning, the hypothalamus increases the amount of cortisol to prepare the body for the activities of the coming day. Burch et al. found higher reports of fatigue and lower mental well-being in shift workers, with lower melatonin levels during sleep and at work [10] . Further, fishermen were found to suffer more from sleepiness when at sea, compared to when ashore (82% compared to 35%) [11] . Fishermen working at sea with a standard working week of 84 h or more may suffer from fatigue. However, Wadsworth et al. found that fishermen adapted to the requirements of life at sea quite quickly, as fatigue increased more slowly after the first week, but that it took the fishermen a full week to recover after returning to land [12] .
A previous study investigated the course and duration of neuroendocrine recovery after a 2-week period in which workers either worked 12-h day shifts or 12-h night shifts [13] . The results showed that day shift workers showed a significantly lower cortisol concentration only upon awakening on their first day off. Compared to day workers, night shift workers had a flatter profile on the first day off and a lower cortisol concentration upon awakening on the fourth day. Another study examined how different work schedules (day shift, night shift and rotating shift) affect the cortisol rhythm and the resetting of the rhythms among off-shore workers [14] . The study found that participants adapted to night shifts within a week regardless of schedule, but recovery from night shifts took longer.
We assumed that continuously working on a 2-to 3-month fishing trip in deep winter in Arctic waters may be an exhausting experience for the crew due to rough weather, lack of daylight, shift work and general workload [15] . The physiological effect of this strenuous work may be elevation of blood pressure [16] , even hypertension [17] and changes in metabolism [18] . In particular, measurements of cortisol may be a marker of the physiological stress that fishermen might experience [19] . To our knowledge, no studies have investigated to what extent cortisol is affected by a fishing trip of 2-to 3-month duration.
Methods
The study population consisted of the crew of five trawlers heading for the Barents Sea from January until April 2004.
To obtain a biochemical measure of stress load in this study, we intended to measure cortisol in saliva and urine before, during and after the fishing trip. We also decided to make simultaneous blood pressure and heart rate measurement and to measure blood markers of the metabolic system before and after the trip. The saliva samples were collected during the working day. Saliva samples were collected in Salivette® polyester tubes at awakening and at 6, 12 and 18 h after awakening. Written instructions emphasized that swabs should be kept in the mouth until thoroughly soaked and to fill in the exact time of sampling carefully when collecting each saliva sample [20] . The samples were stored at -20°C on board the trawlers and at -80°C after returning to the Faroes. They were analysed within 12 months.
Determination of cortisol in saliva was carried out with a competitive radioimmunoassay (RIA) designed for quantitative in vitro measurement of cortisol in serum, plasma, urine and saliva (Spectria Cortisol Coated Tube RIA, Orion Diagnostica, Espoo, Finland), according to the manufacturer's specifications. The sample volume was 150 µl, the range of the standard solutions prepared was 1.0−100.0 nmol/l and the incubation time was 30 min at 37°C [21] .
To show equivalence between different runs, natural saliva samples (5.9 and 18.5 nmol/l) were used as control materials and analysed together with the samples. Westgard control charts were used to document that the analytical method remained under analytical and statistical control-in other words, that the trueness and precision of the analytical methods remained stable [22] . The performance of the methods has been further validated by participation in interlaboratory comparison schemes [23] .
As with the saliva tests described previously, urine from the cohort was also tested on 5 days: 1 day prior to the fishing trip, 3 days during the trip and 5-7 days after the trip had concluded. On each of the days, the urine was collected over a period of 24 h, and three quantities were measured: (i) cortisol, (ii) creatinine and (iii) cortisol-creatinine ratio. The samples were stored at -20°C on board and at -80°C on land until they were analysed within 12 months. To standardize results, creatinine was measured in urine [24] .
The assay used for the determination of cortisol in urine was a competitive RIA (Coat-a-count kit) purchased from DPC (Diagnostic Products Corporation). The creatinine method was based on the well-known Jaffe's reaction and measured on a COBAS Mira autoanalyser (Roche Diagnostic Systems, Basel, Switzerland). We used commercial matrix reference materials for cortisol and creatinine: Lyphochek® Quantitative Urine Control Normal [1] and Lyphochek® Quantitative Urine Control Abnormal [2] (Bio-Rad Laboratories A/B, Herlev, Denmark).
The between-day analytical variation for urinary cortisol was estimated to be 15%. To show equivalence between different runs, natural urine samples (110.4 and 552.0 nmol/l) were analysed together with the urine samples. The analytical method for cortisol and creatinine was evaluated by a method evaluation function design according to Christensen et al. [23] to estimate the random and systematic effects. The between-day analytical variation for creatinine measurements was 2%. The detection limit for the analytical method was 13 nmol/l for cortisol [24] .
Blood pressure and heart rate were measured by a semi-automatic device [Digital Blood Pressure Monitor Model US-779 (A&D Instruments LTD, UK)]. The measurement for before and after the trip was done by one of the authors (P.W.) and, during the trip, by the fishermen themselves. During the trip, one of the officers on duty instructed the crew in correct blood pressure measurement. Blood pressure and heart rate were measured three times a day for 3 days during the trip and at the clinical examination before and after the trip. Samples in blood were drawn at the clinical examination and analyses for glycosylated haemoglobin (HbA 1c ) and lipids at the National Hospital of the Faroes as routine analyses. Data on health, occupational history and private life issues were collected in questionnaires at the same time.
Chi-square tests were used for the discrete demographic variables and t-tests for the continuous. Paired sample t-tests were conducted for all dependent physiological variables. Cortisol data were logarithmic transformed.
A multilevel regression analysis using the Proc mixed procedure in SAS version 9.4 was established to test for differences in concentration of cortisol in saliva and urine before, during and after fishing in the Barents Sea. We used repeated measure by included the fishermen in the random statement.
Due to abnormal (skewed) distributions and increasing variances, concentrations of cortisol in saliva were analysed on a logarithmic scale. The models included work schedules [two levels (1 = work: 6:00-12:00 and 18:00-24:00; 2 = work: 0:00-06:00 and 12:00-18:00)], before, during and after fishing in the Barents Sea (five levels: 1 = before, 2 = after 2 weeks, 3 = after 1½ months, 4 = a few days before end of trip, 5 = 7 days after the trip) and time of sampling (four levels: 1 = at awakening, 2 = +6, 3 = +12 and 4 = +18 h after awakening). The effect of the exact sampling time was evaluated by including the variable exact time of sampling (linear and squared) as continuous independent variables. All samples were included. The initial model was adjusted for age, smoking and body mass index (BMI).
To test for differences in urinary cortisol before, during and after fishing in the Barents Sea (five levels: 1 = before, 2 = after 2 weeks, 3 = after 1½ months, 4 = a few days before end of trip, 5 = 7 days after the trip), we calculated the ratio between cortisol and creatinine and analysed the ratio on a logarithmical scale. The model was adjusted for age, smoking and BMI. For blood pressure and heart rate data, a mean value of the three measures before and after the trip was calculated as for the nine measurements during the trip.
P values below 0.05 were considered statistically significant. The study was approved by the local scientific ethical committee (Visindasidsemievnd Føroya).
Results
The study population consisted of 185 male crew members, of whom 136 agreed to participate. The mean age of the participants on each ship was 33-42 years and the mean duration as a deep sea fishermen was 9-15 years. Reporting excellent health ranged from 50 to 76% highest at the ship with the lowest mean age. All trawlers operated in the same waters in the Barents Sea. They produced frozen cod fillets. A part of the crew specialized in working on the trawl deck, another part specialized in filleting the cod in a semi-automatic factory under deck. Other job roles included navigators, engineers and the cooking staff.
Calculations from their personal identification number showed that the mean age of the 49 non-participants was non-significantly lower than the mean of the participants. However, full data were obtained from only 96 men, in the form of two questionnaires, blood samples and measurement of blood pressure at a clinical examination in the week before and 5-7 days after the trip. Demographics of these and the drop-outs are shown in Table 1 .
The drop-outs were younger, and there were more singles and smokers compared to the participants. With respect to experience as fishermen, no differences between the two groups were found. Table 2 shows the mean values of the physiological variables and P values obtained by the paired sample t-tests. Salivary cortisol collected during the early morning (0:00-6:00) rose significantly during the trip (three measures) but declined to an insignificant level after the trip, compared to the level before. The opposite pattern was seen for samples collected from 6:00 to 12:00, whereas saliva cortisol collected later in the day was significantly lower after the trip compared to the level before and during the trip. Table 3 shows the results of the General Linear Model (GLM) analysis of salivary cortisol, where adjustment for working schedule, time of sample collection, age, smoking and BMI were conducted. During the trip, salivary cortisol declined significantly at the first two sample collections, and the level was almost the same after, compared to the level before the trip. Time of collection and age was significantly negatively associated with salivary cortisol, whereas working schedule, smoking and BMI were not.
In accordance with this, Figure 1 shows that the morning peak was established after the trip. It appears that a flattened diurnal curve occurred during the trip.
The urinary cortisol showed a significant decline during the trip (three measures) and a tendency to a lower level after the trip compared to the level before (Table 2) . Table 3 shows the GLM analysis. In general, urinary cortisol showed a tendency to decline during the trip and, after adjustment for work schedule, time, age, smoking and BMI, this association was significant (P < 0.001). The data divided in the two work schedule groups are graphically shown in Figure 2 . It appears that the decline in urinary cortisol was more pronounced among those with work schedule 1 (normal hours). The decline from before until after the trip was significant (P < 0.01). Those with work schedule 2 (night shifts) had the same cortisol level after the trip as before. The difference between the two schedules during and after the trip was significant (Table 3) . Table 2 also gives the mean values of blood pressure and metabolic variables. Both systolic and diastolic blood pressure and serum cholesterol/high-density lipoprotein ratio decreased significantly from before 
Discussion
Cortisol excretion measured in saliva showed a flattened diurnal curve, which developed into a normal curve with a peak in the morning during the trip. No difference was found between the two work time schedules. The total cortisol excretion decreased during the trip, a result that was supported by the measurements of urinary cortisol. This was most pronounced among those with normal working hours. In addition, the coronary risk profile assessed by measurement of blood pressure and lipids improved. In this context, it should be noted that the blood sugar level and weight among the participants remained the same. This might seem surprising because the working conditions might lead to both physical and psychological stress, which might affect at least the blood pressure level. As stated by Høye et al. [6] , the urinary catecholamine excretion and heart rate in fishermen during long-line bank fishing were not as high as in coastal fishermen. It is noticeable that the cortisol levels found in this study were inside the 95% confidence intervals for both saliva cortisol (1.1-35.7 nmol/l) [21] and urinary cortisol (1.1-10.5 nmol/l) [24] .
The interpretation of this could be that working without diurnal variation of sunlight in fixed-schedule and normally well-arranged work with predictable tasks was much less stressful than we expected. All the results from this study suggest that working for 2-3 months on 6-h shifts with no regular personal contact with family and other non-work-related relations, with moderate physical activity even in artificial light and cold weather on a ship, did not increase the physiological stress reaction. Rather the opposite was the case. Regular intake of healthy food, which is the recommendations on the ships, and no alcohol intake might contribute to this too.
The strength of this study is the repeated collections of saliva and urinary samples and blood pressure measurements in a longitudinal design, where the fishermen served as their own controls. We were even able to assess the effect in two work time schedules. To our knowledge, no previous studies have been able to collect this kind of data for assessment of physiological stress reactions in the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system in a relatively large population.
The main limitations are that it was not possible to collect samples at fixed times and that we could not control for the accuracy of time of collection. However, we ensured that the time of sampling was noted and adjusted for in the statistical analyses. It was not possible to assess awakening cortisol response with samples at awakening and half an hour later as recommended. This was due to different work time schedules and the tasks each fisherman was engaged in at the time for delivering saliva samples. We do not know when the fishermen slept, but were told that most men slept twice during their leisure time. The consequence might be more blurred results, and comparison with other studies on shift work in similar working conditions at sea is not possible [13, 15] . The decrease in 24-h urinary cortisol does, however, support the findings for salivary cortisol and might be seen as a more robust measure of the effect of the HPA-axis.
The participation rate was low (53%). Data were not complete for 40 out of 136 fishermen, which gave a participation rate of 70% of those who agreed to participate. The data given in the material section indicate that there might be a healthy worker effect, as those from whom we obtained full data were often married and less frequent smokers. In addition, long distance fishing in the Faroe Islands is a profitable job with high esteem in the population, which in itself might lead to selection of the most fit.
Key points
• Fishermen working away for up to 3 months on 6-h shifts doing 84 h a week in artificial light and cold weather may be subjected to physiological stress.
• Measurements of cortisol, blood pressure and blood lipids did not show an increase in physiological stress.
• Regular working hours, regular healthy meals, predictable tasks and social well-being on board as well as healthy worker effect may account for this.
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